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AbSt?XCt running voltage was 1450 volts, resulting in a gas gain 
of about 780. 

The results of the tests of a prototype ionization 
sampling calorimeter are presented. Using proportional 
charhers interleaved with lead and sampling every 0.68 
radiation length, we found an energy resolution of 
24%,'rE. Measurements of position resolution, lateral 
sho.+er developsent, and hadron rejection are discussed. 

The assembled calorimeter, see Fig. 2, had three 
independently read out sections. The first twa sec- 
tions were sampled every .68 radiation length, while 
the third section was sampled every 1.19 radiation 
length. Three high voltage supplies were used, one for 
each section. 

Introduction 

The tests of a propxtional. wire chasber calori- 
neter~~~rtakenas~oftheprototypingwork 
for the cOll.iding BeamDetectorproject atFermilab. 
Ease of construction, spatial resolution, andthe ease 
withwhichtcwersrnaybe constructed fromcathcde pads 
make this an attracti Ye2 L 

svstem for our end cap calori- 
metry* PreviOuswork ' has shm the practicality of 
this technique in the construction of 4~ detectors. 
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Calorimeter Construction 
DChy 

The calorimater was built from 34 proportional 
wire chambers interleaved with lead plates. The cham- 
bars, see Fig. I, had a 12 ran gap with 50 micron gold 
plated tungsten sense wires placed every 6 mm. The 
cells were separated by 1CO ntcron ccqx.r-~Llim 
field wires at wx~d pc:~z~tial. Cathode strips run 
orthogonally to the wires on one side of the &ambars. 
They were 6 RUR center to center with a lmn gapbe- 
strips. The chanbers were filled with a 50%~50% nrix- 
tureof argonandethane forallsturlies. 

Fig. 2. Calorimeter segmentation showing beam counters 
anddriftchanlbers. Each chamber represented 0.054 
radiation length (3/16 in. aluminum). 

The chamber.5 were connected to a ccx[rpzn intake gas 
manifold '&ugh individual fitters. All chanbers 
*were carefully leak checked, and their outputs can- 
netted to a oxmon exhaust manifold. After a period vf 
initial flushing, the flow rate was reduced to 10 cc/ 
min. for each chamber. No adverse effects of this low 
flow rate were noted. 
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Readout ELectro&& 

DE wires and strips were grouped two-by-two in 
eachchamberanddaisy-chajr1edtoal1corresponding 
wires or strips in a given section along the beam dir- 
ection. This gave an effective cell width of 1.2 an for 
both wires and strips. 

Fig.l; chamberconstructian. 

All chambzs were tested prior to use. Gain mea- 
stxremnts along w&es and fnxn wirz to wire within a 
given chaniber showed an r.m.s. variation of less than 
2.5% over an active area greater than 20 x 20 an2. 
Overall&a&ergainwasrneasuredby averaging the re- 
sponseof the centralwires ineach chanber. On the 
basis of those measuremants we were able to segregate 
the chaers into two groups of 8 and one group of 18 
with a total gain variation withiz each group of not 
greater than 6%. kl-~en the calorimter was assembled, 

Fig. 3 shows the electronics connection to the 
cfxmbsrs * The 0.1 !-IF capacitor at the integrater input 
preventedany p&b& highvoltage leakage through the 
200 pF blocking capacitor and surface leakage around 
the cable ends from affecting the wire amplifiers. The 
50 ohm resistor dzrped oscillations cn the coaxial 
cable and improti the system noise. 

The integrator, sample and hold, and differential 
arrplifier were part of a single multiplexed ADC systen~.~ 
Pefore a tr&gger, both the "before" and tlaf+zU switches 
are closed. The trigger caTuses the "before" switch to 
open, capturing the zero level of the integrator output. 
The integrator responsetoan inputchargepropqates - ue alternated "high gain' and "1~kf gain" 

each group. 
chanbens within m the delay line and is placed on the "after" sample 

and hold capacitor. The "after" sample and hold switch 

Measnnts of gas gain as a function of several 
is then ooened and tie differential ~arrplifier takes t!e 

pt3r~ters.~sul.ted in the erripiricalrelationship: 
appropriate difference between the "before" and "after" 
Levels so as to provi& a positive output to the AK. 
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+ 15.8 $- 15 $+ 6.3 i?$ - 1.3 $ &-use of lirdtations in the nun&r of available 
channels, section 1 had 16 x 16 .instruxented wire and 

Vihere G is gas gain, E is high voli-;tge, P is gas pres- 
stpp pailr;, or -an inst-ted area of 23but 19 x 19 

sure, T is t~tzratxxz, ad t is gap thickness. Normal 
cm . Sections 2 and 3 had 23 x 23 channels, or an area 

, 
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Fig. 3. Readout electronics. 

of 27.6 x 27.6 an2. Incident particles were usually 
keptnearthecenteroftheins~tedareatomFni- 

Inadditi~,anupperle3reldiscriminatoronFmeasured 

mize &vzx-gy leakage out of the wings. 
dE/dx and was used to veto multiple particles that did 
not diverge sufficiently to hit hole counter Hl or H2. 

The datawere collected andwrittenonmagnetic 
tape for offline analysis. Online analysis and diag- 
nostics were kt@errsnted usixg the MULTI software pa 4- age distributedby theFermilab Ccquting~t. 

Calibration 

Gas gein was mnitor& in one 
tion using the 22 KeV line of a Cd 18F~~fwy&&gg- 
cial high gain amplifiers. A typical source peak is 
shcwn in Fig. 4. It was pxsible to determine the 
source peak position to within 1%. Source triggers 
xre admitted durirq the acceleratir's interspill per- 
icdsothatwe couldmonitorgasgainchangesduring a 
data run. 

A pile-up gate was implemented that prevented a 
particle from generating ,a trigger when preceeded by 
another particle within 1 microsecond. A flag was set 
in a CAMAC register allowing offline rejection of 
events when a triggering particle was follawed by 
anotherparticlewithin the sensitive periodof the 
rea&ut system (1 microsecond). 

ElectronicsgtiW~initially~ur&usinga 
charge injector at the amplifier inputs. The qli- 
fierSwerethencxmrectedtothechambers,andtbe 
fieldwirespulsed. This providedan easywayto see 
tirnedependentgainvariatians,andatthe sama tii~~ 
wrify the integrityofthe chanber 
rl!xtions. 

to amplifier con- 
We found the amplifiers to have an r.m.s; 

gain variation of 3%. 
insignificant. 

Gain changes with time were 

Beamline a&Trigger 

The calorhterwas installedintheMSbeaml.ine 
atFennilab. The beam consisted primarily of pions 
with about 2% electrons at 40 GeV. Particle identifi- 
cation and beaan trigger were provided by a series of 
Ckrenkovdetectors andscintillatircounters. see 
Fig. 5. 

IAOII: 
AnelectronsigndLwas obtainEdfrcmthe xfnbina- 

110 120 I30 

COUNTS 

140 IS0 

Fig. 4. 
ment. 

CdlOg 22 XeV line used for gas gain measure- 
C! was opzcotcd at IL450 volts. 
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Fig. 5. MS downstream layout. cherenkovcounters Cl 
and C2 tagged electrons. Scintillatcr counters U (up), 
D (dwn), and F (finger) indicated passage of a particle. 
?ble cmnters Hl and H2 dete.min&i the trigger beam 
size and indicated the presence of multiple particles 
frcan upstream secondary prcduction. Drift c-s 
D. C. X at-d D. C. Y mnitored particle position. 
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Fig. 6. Calorimeterreqxmsevsrsuselectronenergy. 
Wire slope is 213 uxmts par GeV, strip slope is 39 
axJIlts per Gev. 

Test Results 

Fig. 6 shaws the response of the calorin'teter to 
differentenergyelectrons. Thewire response is seen 
tr> be 5.46 +z.ines the strip reqxmse. This is due to 
hothcellgecm&ry,whi&accxnts for a factor of 4, 
arkddifferentgainofthechargeamplifiers as afumz- 
tion of input capacitive loading. 

Eneqy resolution for the wires is shmn in Fig. 
and shms a 24%/a depsndence. 

7, 
Resolution is plotted 

bathwith thethird sectionmdwithout. The inprove- 
mentseenwheunot usingthe thinsection shms that 
thenoise contribution fmnthatsectionismxe signi- 
ficzmtthan the signal content. 

Cathcde resolutim is worse than wire resolution. 
abut 27%/e. This degradation is not well understood. 
It may be dm to an unfavorable signal to noise ratio. 

Fig. 8 sham a 40 Ck?V electron pxJ=z with the Gaus- 
sian fit used to determine the resolution. 
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Fig. 7. Wire energy resolution. Resolutionfrcmthe 
sun of all three sections is indicated by@, resolution 
fran section 1 and 2 smonly is indicatedby 

Fig. 8. 40 CeV electron wire signal with least squares 
fitted Gaussian. 



FO.Y,~~OII rt?~~,luti~~~ was m%xxr@e at Se~!2d. e!er- 
gies for both the first and second sections. The psi- 
tions of incident ekctrons were calculated using both 
the first and second mmant of the lateral energy dis- 
tribution. The difference between the calculated posi- 
tion and the particle psition as measured by a drift 
chamber was used for position resolution detemination. 
As seen in Fig. 9, the first section gave better resolu- 
tion than the second. Also, the second ment calcula- 
tion, which weights the large signal charmels mre than 
the low signal chamels, gave significantly mre accu- 
rate position information than the first mxent calcula- 
tion. First section, second meant position resolution 
was 1.24 m at 10 GeV and 0.84 nm at 46 GeV. 

There was no significant difference in the posi- 
tion resolution of the wires versus the strips for 
either sectionor calculationnethcd. 

Studies were done to detemine the effect on the 
Wtal calorin-eter signal and energy resolution as data 
were incren-entallyd&card&frcmone sideorboth 
sides of the shmer. 

Shower position was calculated using the lateral 
enmgy distribution. The detector was rmde syrmatric 
arourdtheshcmerbydeterminingthe distance to the 
closest edge arladiscarding enough lzl-EnxElS frcmthe 
otheredgetomakebothdistances equal in each section. 
Then, since the first section had a smaller instru- 
mekedareathantheothers, saneoftheremainingchan- 
nels from the second and third sections were discarded 
6oas tomkethesizeofthe instrurentedareas the 
same in all sections. The resultingldetector measured 
14 channels by 14 channels, or 16.8 x 16.8 cm2. This 
configuration represents thepointof zero channels cut 
in Figs. 10, 11, and 12. 
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Fig. 9. Position resolution for electrons as a function 
ofincidenteuergy. pOsition was calculated usirq 
either thefirstor secordnmentof the lateral energy 
distributioninboth sections land 2. 
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Fig. 10. Calorimeterwire signalversus nmberof chan- 
nels cut fmn one side of the shmer only. See tih for 
discussion. 
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Fig. 11. Calorimater wire sigi7a.X versus nmber of chan- 
nels cut symkzt_rically from both shmer edges. See text 
Ear discussion. 
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Applykg a total signal cut 7.1 GeV wide centered 
on the 40 G:V electron in& discarded ahout 2% of the 
electrons 

-3 The resulting pion rejection factor was 
8.4 x 10 . An additional cut was mde on the section 
1 signal. Discarding 10% of the electrons, the m 
cuts together gave a rejection factor of 4 x 10 -2 . 
Fig. 14 shows the application of those cuts to the pion 
signal. 

6 5 4 3 2 1 0 Full Oetector 
Chonnelt Cut (see text) 

Fig. 12. Energy resolution for wires as a function of 
the nwlber of channels mt from one edge of the shmer 
(0 1, or syns&rically fron both edges (x). See text 
far discussion. 

Fig. 10 shaws how the total wire signal varies 
whenone sizartswith theabovedescribedconfiguration 
and remves channels fran one side of the detector only. 
Ccqarisonwithtbefulldetectorresponse shcws that 
fxtm 3.43 at 10 CeV to 4.7% at 46 GeV of the signal was 
lostwhenthedstectorwas reduced to its initialam- 
figuration. Thepointsco~es~dingtosixchannels 
cut describe a detector eight channels wide (9.6 an), 
with the shaver core between the seventh and eighth 
cells* 

Fig. 11 shaws the wire signal as a function of 
synmstriccuts on both detector edges. The final points 
with six channels synmetrically cut describe a detector 
tm&a~~~~elswidewiththeelectron shmeraxebetween 
tllo§stwochannels. 

Fig. 12 shows how the energy resolution changes as 
a fun&ionofbothsyrm&ricandasym-etric cuts. 
Inte*estingly, the resolution shms sme improvement, 
particularly at lower energies, as one discards the 
esctrem shmer edges. Also note that the resolution 
resulting from two channels alone (six channel.5 cut 
qmmatiically) is considerably better than the resolu- 
t ionrehhing frananasymtetric cut of six&anuels, 
whereonewim~is included. 

Hadron rejectionwasmeasuredat40ckvonly. A 
lead brick was inserted far upstream of the detector 
to attenuate the electron fraction prior to trigger 
formation. Fig. 13 shms the pion pak with a sqer- 
imposed m shawing the position of the 40 G~V elec 
tronm. 

Fig. 13. 40 GeV pion peak showing position of 40 GeV 
electron peak on same scale. Theminimumionizing peak 
is not shown. 

* * 
:. 
t 
l 

. 1111111 
I- i15i222t3333444~5455tttt7~7~feee9aaqCOOC~ll 

.*0~050,05161Clblt27272 
+l’kC9a419146914t9llCO 4b914t9~4~a14~~~4hnZ479247 

# '73P363 ~n4~4QbQ4~~G5C~l '30 
+Ol23567f0123567fPlE?=6~~Gl?3~~~fG~7'~~~POl2~567~ 

l 

: 

i . * . 

Fig. 14. Correlation plot of total calorimeter signal 
(horizontal axis) against first section signal (vertical 

axis) for 40 GeV pions. Lines show the position of the 
cuts used to determine the pion rejection factor. 
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